1. Introduction {#sec1-brainsci-10-00339}
===============

Viral meningitis and meningoencephalitis are medical emergencies that should be recognized early and properly treated. A recent prospective cohort study in the United Kingdom showed that the estimated incidence of viral meningitis was 2.73 per 100,000 adults \[[@B1-brainsci-10-00339]\]. In a larger retrospective study from Qatar, the determined incidence of viral infections of the central nervous system (CNS) was 6.4 per 100,000 \[[@B2-brainsci-10-00339]\]. Enteroviruses, herpes simplex viruses (HSV), and varicella zoster virus (VZV) are the major causative agents detected, but for a significant number of clinical cases, no etiological agent is revealed \[[@B2-brainsci-10-00339],[@B3-brainsci-10-00339],[@B4-brainsci-10-00339]\].

Human parvovirus B19 (B19V), human bocaviruses 1--4 (HBoV1--4), and human parvovirus 4 (hPARV4) are members of *Parvoviridae*, a family of small (\~25 nm) non-enveloped viruses containing a linear single stranded DNA (ssDNA) genome of 5 to 6 kb \[[@B5-brainsci-10-00339]\]. B19V, HBoV1--4, and hPARV4 belong to the *Parvovirinae* subfamily and *Erythroparvovirus*, *Bocaparvovirus*, and *Tetraparvovirus* genus, respectively \[[@B6-brainsci-10-00339]\]. These parvoviruses are considered as human pathogens and are associated with a wide range of pathologies. For example, B19V causes fifth disease, persistent anemia, transient aplastic crisis, hydrops fetalis, and arthropathy \[[@B7-brainsci-10-00339],[@B8-brainsci-10-00339],[@B9-brainsci-10-00339]\]. HBoV1 is considered as a respiratory pathogen and causes upper and lower respiratory tract diseases in children, but HBoV2--4 are mostly found in stool samples and are associated with gastroenteritis \[[@B10-brainsci-10-00339]\]. Both B19V and HBoV1--4 have been linked with neurological disorders as well \[[@B11-brainsci-10-00339],[@B12-brainsci-10-00339],[@B13-brainsci-10-00339],[@B14-brainsci-10-00339],[@B15-brainsci-10-00339],[@B16-brainsci-10-00339],[@B17-brainsci-10-00339],[@B18-brainsci-10-00339],[@B19-brainsci-10-00339]\]. There are few reports in the literature describing the presence of HBoVs DNA in patients with encephalitis and encephalopathy, showing its ability to enter the CNS and its possible role in causing disease \[[@B11-brainsci-10-00339],[@B12-brainsci-10-00339],[@B13-brainsci-10-00339],[@B14-brainsci-10-00339],[@B15-brainsci-10-00339]\]. B19V infection has been associated with various neurological complications such as encephalitis, meningitis, stroke, neuropathy, status epilepticus, and encephalopathy. While B19V infection is more frequently found among immunocompromised hosts, it can occur in the immunocompetent, apparently healthy children and adults as well \[[@B16-brainsci-10-00339],[@B17-brainsci-10-00339],[@B18-brainsci-10-00339],[@B19-brainsci-10-00339]\]. Of the above-mentioned parvoviruses, hPARV4's role in causing diseases has been least studied and is still ambiguous. Initially, it was considered that hPARV4 infection was present only among intravenous drug abusers, and, in general, hPARV4 viremia appeared to be self-limiting and asymptomatic \[[@B20-brainsci-10-00339],[@B21-brainsci-10-00339]\]. Although a possible clinical manifestation of hPARV4 infection has been reported, including respiratory or gastrointestinal symptoms, rash, and also encephalitis, the association between hPARV4 and the disease needs to be clarified \[[@B20-brainsci-10-00339],[@B22-brainsci-10-00339],[@B23-brainsci-10-00339],[@B24-brainsci-10-00339]\].

This is the first study aiming to simultaneously determine the frequency of B19V, HBoV1--4, and hPARV4 infection markers and to evaluate the involvement of parvoviruses in the etiology and the clinical course of meningitis and meningoencephalitis.

2. Materials and Methods {#sec2-brainsci-10-00339}
========================

2.1. Study Groups {#sec2dot1-brainsci-10-00339}
-----------------

In total, 42 cases of confirmed or unknown etiology of meningitis (*n* = 31; 73.81%) or meningoencephalitis (*n* = 11; 26.19%) were evaluated between June 2014 and October 2018. Of all the patients, 20 (47.6%) were males and 22 (52.4%) were females, with the mean age ± standard deviation (SD) 50 ± 18.2 and 58.9 ± 19.8 years, respectively. In all cases, whole blood and cerebrospinal fluid (CSF) samples were obtained on admission by certified medical personnel accordingly to all safety standards. Information about patient demographics, clinical diagnoses, duration of hospitalization and outcome, symptoms (present or absent)-headache (assessed by the numeric pain scale), increased body temperature (≥37 °C), fatigue, sleepiness, difficulties to concentrate, disorientation, seizures, muscle ache, weight loss, nausea, diarrhea, dizziness, nuchal rigidity, Kernig's sign, photo- and phonophobia and the main blood test-level of white blood cells (WBC) (10^9^/L), red blood cells (RBC) (10^12^/L), platelets (PLT) (10^9^/L), hemoglobin (Hgb) (g/dL), hematocrit (Hct) (%), C-reactive protein (CRP) (mg/L), and microbiological test results, as well as the information about CSF analysis-pleocytosis (µL), agranulocyte and granulocyte count (%), protein (g/L), and glycose (mmol/L) level were analyzed retrospectively from the clinical data of Riga East Clinical University Hospital (RECUH). All the whole blood and CSF samples were microbiologically tested in the Latvian Centre of Infectious Diseases (LCID) for a group of infectious agents-tick-borne encephalitis virus (TBEV) infection was diagnosed by the presence of anti-TBEV IgM specific antibodies in the cell-free blood plasma using the enzyme-linked immunosorbent assay (ELISA); enteroviruses---by the presence of viral RNA in the CSF using the reverse transcription polymerase chain reaction (PCR); VZV, HSV, cytomegalovirus (CMV), and Epstein--Barr virus (EBV) were diagnosed by the presence of viral DNA in the CSF using nested PCR (nPCR). *Borrelia burgdorferi* (*B.Burgdorferi*) infection was diagnosed by the presence of anti-*B.Burgdorferi* IgM and/or IgG in the cell-free blood plasma using immunoblot. To confirm *B.Burgdorferi* CNS infection, an antibody index was calculated according to the formula (Ig~CSF\ *B.Burgdorferi*~/Ig~serum\ *B.Burgdorferi*~)/(Ig~CSF\ total~/Ig~serum\ total~) using ELISA (U/mL). The antibody index \>1.5 was considered diagnostic for CNS Lyme disease. Carcinomatous meningitis was diagnosed with head magnetic resonance imaging, confirming carcinomatous infiltration of the meninges of the brain or by the presence of cancer cells in the CSF.

Fifty peripheral blood and corresponding cell-free blood plasma samples of apparently healthy blood donors (age and gender matched) were included in the study as a control group. Due to ethical and clinical issues, the collection of CSF samples from healthy persons was not possible.

The study protocol and the use of human biological material were approved by the Ethics Committee of Rīga Stradiņš University (Decisions of the RSU Ethics Committee issued 30 May 2013. and 30 March 2017). Human biological material samples were taken in accordance with the principles of the Declaration of Helsinki. Written informed consent form was obtained from all the individuals included in this study.

2.2. Patients Inclusion Criteria {#sec2dot2-brainsci-10-00339}
--------------------------------

The inclusion criteria for this study were: adult patients admitted to RECUH Neurological Department with ICD-10-CM (International Classification of Diseases, Tenth Revision, Clinical Modification) diagnosis A69.21 (meningitis due to Lyme disease), A69.22 (other neurologic disorders in Lyme disease/meningoencephalitis due to Lyme disease), A84.1 (central European tick-borne encephalitis), B00.3 (herpesviral meningitis), B00.4 (herpesviral encephalitis), B02.0 (zoster encephalitis), B02.1 (zoster meningitis), B27.12 (cytomegaloviral mononucleosis with meningitis), B25.8 (encephalitis due to cytomegalovirus), B27.02 (gammaherpesviral mononucleosis with meningitis), A87.0 (enteroviral meningitis), A85.0 (enteroviral encephalitis), C70.9 (malignant neoplasm of meninges, unspecified), A87.9 (viral meningitis, unspecified), or G03.0 (nonpyogenic meningitis) and pleocytosis \>6 µL in CSF. The exclusion criteria were: patients with ICD-10-CM diagnosis G00 (bacterial meningitis, not elsewhere classified), G01 (meningitis in bacterial diseases classified elsewhere), or G04.2 (bacterial meningoencephalitis and meningomyelitis, not elsewhere classified).

2.3. Detection of Parvovirus-Specific Antibodies {#sec2dot3-brainsci-10-00339}
------------------------------------------------

IgG class antibodies against HBoV1--4 and hPARV4 antigens in all patients and controls cell-free blood plasma samples were measured using the indirect enzyme immunoassay (EIA) format using yeast-generated HBoV1--4 and hPARV4 VP2 virus-like particles as described previously \[[@B25-brainsci-10-00339],[@B26-brainsci-10-00339]\]. An analogous procedure was used to determine the HBoV1--4 and hPARV4 immunoglobulin concentrations in corresponding CSF samples of 24 patients, only 1:40 sample dilutions were used. The cut-off values were determined ranking the absorbance values and determining the inflection point for each antigen \[[@B27-brainsci-10-00339],[@B28-brainsci-10-00339]\]. The cut-offs for EIA were 0.447 (HBoV1 IgG), 0.179 (HBoV2--4 IgG), and 0.252 (hPARV4 IgG). The RecomWell Parvovirus B19 IgG test kit (Mikrogen GmbH, Neuried, Germany) was used to examine the patients and control groups' plasma samples for antibodies against B19V.

2.4. Detection of Parvoviruses Genomic Sequences {#sec2dot4-brainsci-10-00339}
------------------------------------------------

Total DNA was extracted from peripheral blood, cell-free blood plasma, and CSF samples using a standard phenol-chloroform extraction method. To exclude any possibility of cell DNA contamination, the plasma samples were treated with DNase I (Fermentas, Vilnius, Lithuania) before DNA purification. The quantity of extracted DNA was measured spectrophotometrically and the quality checked by β-globin PCR. The presence of parvovirus genomic sequences in DNA samples was determined using nPCR targeting hPARV4 VP2 gene sequence as described before \[[@B29-brainsci-10-00339]\], and the B19V NS1 gene sequence in accordance with Barah et al., 2001, respectively \[[@B30-brainsci-10-00339]\]. The presence of HBoV1--4 genomic sequences was determined using primers targeting the HBoV1 NS1 gene sequence and the HBoV1--4 VP1/2 region, respectively, as described before \[[@B31-brainsci-10-00339],[@B32-brainsci-10-00339]\]. HBoVs, B19V, and hPARV4 positive DNA samples (previously proved by sequencing) were used as positive controls in corresponding PCR. The negative (molecular grade water) control was included after each five samples in each PCR to exclude contamination. All PCR products were analyzed electrophoretically in agarose gel.

2.5. Data Analysis {#sec2dot5-brainsci-10-00339}
------------------

The statistical analysis was performed for continuous data expressed as the mean value and SD or median and interquartile range (IQR). The categorical data were expressed as counts and percentages. To test whether the collected numerical data were normally distributed, the Shapiro--Wilk normality test was applied. Comparisons between the patients and control group as well as subgroups were made using nonparametric Mann--Whitney U test or Kruskal--Wallis test and cross-tabulations (Pearson Chi-square test and Fisher's exact tests). A *p*-value \< 0.05 was considered statistically significant.

All calculations and statistical analysis were performed using the program Prism 7.04 (GraphPad, San Diego, CA, USA).

3. Results {#sec3-brainsci-10-00339}
==========

3.1. Presence of Parvovirus-Specific IgG Class Antibodies {#sec3dot1-brainsci-10-00339}
---------------------------------------------------------

In total, 26/42 (61.9%) patients were HBoV1--4 seropositive and for three patients, HBoV1--4 IgG class antibodies were detected also in the CSF sample. In the control group, HBoV1--4 IgG class antibodies were detected in 29/50 (58.0%) plasma samples. No statistical difference was observed between the patients and control group (*p* \> 0.9999). hPARV4 specific IgG class antibodies were detected only in one (2.38%) patient plasma sample and in 5/50 (10.0%) control group plasma samples (*p* = 0.2141), and B19V IgG class antibodies---in 35/42 (83.33%) patients and in 37/50 (74.0%) controls plasma samples (*p* = 0.3194). In addition, 5/42 (11.9%) patients and 4/50 (8.0%) controls plasma samples were negative for all the analyzed parvoviruses-specific IgG class antibodies (*p* = 0.7270). The presence of virus-specific IgG class antibodies is summarized in [Table 1](#brainsci-10-00339-t001){ref-type="table"}.

3.2. Presence of Parvoviruses Genomic Sequences {#sec3dot2-brainsci-10-00339}
-----------------------------------------------

HBoV1--4 DNA was significantly more often found in the patients---22/42 (52.38%) compared to the controls---14/50 (28.0%) (*p* = 0.0199). Most often, HBoV1--4 DNA was present in the patients' blood (*n* = 17), followed by the cell-free blood plasma (*n* = 8) and CSF (*n* = 7) DNA. In the control group, 12 blood and two plasma samples were HBoV1--4 positive. HBoV1--4 genomic sequences significantly more often were found in the patients' plasma samples compared with the control group (*p* = 0.0394). B19V genomic sequence was detected in 7/42 (16.67%) patients and 3/50 (6.0%) controls (*p* = 0.1768). Most often, B19V was detected in the patients' blood (*n* = 5), followed by CSF (*n* = 2) and plasma (*n* = 1), but in the control group, in two blood and one plasma samples. The simultaneous presence of HBoV1--4 and B19V genomic sequences were detected only in one patient---HBoV1--4 genomic sequence was detected in the patients' CSF sample, but B19V in DNA extracted from the cell-free blood plasma. The presence of the hPARV4 genomic sequence was not found in any of the patients or controls DNA samples. Distribution of the simultaneous presence of HBoV1--4 and B19V genomic sequences among different sample types is summarized in [Table 2](#brainsci-10-00339-t002){ref-type="table"}. The presence of viral genomic sequences in DNA isolated from the cell-free blood plasma and/or CSF samples was evaluated as a marker of active viral infection, but the presence in DNA isolated from the whole blood sample---a persistent viral infection. In addition, 15/22 (63.64%) HboV1--4 positive patients had meningitis and 7/22 (31.82%)---meningoencephalitis. Furthermore, 6/7 (71.43%) B19V positive patients had meningitis and one had meningoencephalitis. One patient with simultaneous HBoV1--4 and B19V infection had meningitis.

3.3. Presence of Pathogens Determined in the Clinics {#sec3dot3-brainsci-10-00339}
----------------------------------------------------

In 22/42 (52.38%) cases, a causative infectious agent of the disease was detected in the LCID. VZV was the most frequently detected etiological agent accounting for 11/42 (26.19%) cases, followed by TBEV (*n* = 3; 7.14%), enteroviruses (*n* = 3; 7.14%), *B.Burgdorferi* (*n* = 3; 7.14%), and EBV (*n* = 2; 4.76%). CMV and HSV were not present in any of cases. The presence of HBoV1--4 and B19V genomic sequences together with other infectious agents is summarized in [Table 3](#brainsci-10-00339-t003){ref-type="table"}. In 8/42 (19.05%) cases, HBoV1--4 was the only infectious agent detected, and B19V alone was detected in 3/42 (7.14%) cases (*p* = 0.1944). Furthermore, in two out of eight HBoV1--4 mono-infections, a viral infection marker was detected in the patients CSF sample, but among three B19V mono-infections in one case---in CSF.

3.4. Patients Clinical Characteristics {#sec3dot4-brainsci-10-00339}
--------------------------------------

In 35/42 (83.3%) cases presented with lymphocytic CSF (\>50% lymphocytes), they were classified as lymphocytic meningitis. Fatigue was the most common reported symptom (81.0%), followed by headache (76.2%), with the median severity score 9 (IQR 7.00--9.25), fever (69%) with the median temperature 38 °C (IQR 37.8--38.6), sleepiness (57.1%), dizziness (50.0%), weight loss (45.2%), difficulties to concentrate (45.2%), disorientation (38.1%), photophobia (23.8%), phonophobia (21.4%), myalgia (19.0%), nausea (14.3%), seizures (7.1%), and diarrhea (7.1%). The most common meningeal signs were nuchal rigidity (66.7%) and the Kernig's sign (19.0%). The CSF analysis and blood test results are shown in [Supplement Tables S1 and S2](#app1-brainsci-10-00339){ref-type="app"}, respectively.

In order to evaluate if there were some clinical differences in the case of active parvovirus infection and active infection associated with other infectious agents, patients were divided into two groups and compared mutually: 1st group---patients with active parvovirus infection (*n* = 15) and 2nd group ---patients with active infection associated with other infectious agents detected in the clinics (*n* = 12). Active parvovirus infection was defined as the presence of viral genomic sequences in DNA isolated from the patients CSF and/or cell-free blood plasma. All clinical features compared between two groups are summarized in [Supplement Table S3](#app1-brainsci-10-00339){ref-type="app"}. The results revealed that headaches (*p* = 0.0142), headache severity score (*p* = 0.0142), fatigue (*p* = 0.0299), disorientation (*p* = 0.0043), and difficulties to concentrate (*p* = 0.0316) were significantly more often present in the patients with active parvovirus infection in comparison to the patients with active infection associated with other pathogens. The presence of myalgia (*p* = 0.0553) had a tendency to be more often in the patients with active parvovirus infection ([Table 4](#brainsci-10-00339-t004){ref-type="table"}).

4. Discussion {#sec4-brainsci-10-00339}
=============

This study was set up in order to determine the presence of B19V, HBoV1--4, and hPARV4 infection markers-viral DNA and virus-specific IgG class antibodies, and to evaluate the role of parvoviruses in the inflammatory neurological disorders as meningitis and meningoencephalitis (the rate of meningitis:meningoencephalitis in this study was 2.82:1).

To examine whether parvoviruses have some effect on clinical features of the above-mentioned disorders, we compared the patients with active parvovirus infection and those with active infection associated with other infectious agents. This study demonstrates the frequency of HBoV1--4, B19V, and hPARV4 specific IgG class antibodies among the adult patients with meningitis or meningoencephalitis as well as apparently healthy individuals (control group) in Latvia. The B19V seropositivity among the patients and controls is 83.33% and 74.0%, respectively. The results are similar with those from the other studies where the seroprevalence of B19V among the adult individuals varies from 40% to 80% \[[@B33-brainsci-10-00339],[@B34-brainsci-10-00339],[@B35-brainsci-10-00339],[@B36-brainsci-10-00339]\].

In literature, it is stated that the HBoV seroprevalence is age-related with an average of 76.6% in children and 96% in adults \[[@B28-brainsci-10-00339],[@B37-brainsci-10-00339]\]. However, it should be noted that these data were obtained using the EIA format without competition. In our study, the HBoV1--4 seropositivity is similar in both the patients and control group accounting for 61.9% and 58.0%, respectively. In previous studies, where the HBoV1--4 seropositivity was determined using the competitive EIA format as we have used, similar results were observed---in the study done by Kantola et al., the seropositivity among Finnish and Pakistan adults was 64% and 53%, respectively \[[@B28-brainsci-10-00339]\]. In addition, in the study done in Lithuania, the HBoV seropositivity after the competition assay among the patients with respiratory tract diseases was 44.2% \[[@B25-brainsci-10-00339]\].

The data from the previous studies show that the seroprevalence of hPARV4 varies geographically. The highest hPARV4 seropositivity is observed in sub-Saharan Africa, ranging from 20% to 37% \[[@B38-brainsci-10-00339]\]. In Europe, the hPARV4 seropositivity varies among different studies---4.76% in the United Kingdom and 0% in both Finland and Denmark, respectively \[[@B29-brainsci-10-00339],[@B39-brainsci-10-00339],[@B40-brainsci-10-00339]\]. Relatively high hPARV4 seropositivity has been dated in Lithuania---using the same in-hose EIA method as we used, the frequency of hPARV4-speciffic IgGs in low-risk population was 9.4% \[[@B26-brainsci-10-00339]\]. In our study, the presence of hPARV4-specific IgG class antibodies among the patients is relatively low---2.38%, but higher in the control group, accounting for 10%. In order to distinguish between acute and past viral infection among the patients and control group, the presence of parvovirus-specific IgM class antibodies should be determined in the future. This is the first study showing the presence of HBoV1--4 DNA in adult patients with neurological disorders as well as in apparently healthy blood donors in Latvia. The HBoV1--4 DNA significantly more often is detected in the patients (52.38%) compared to the control group (28.0%) (*p* = 0.0199), showing its possible association with the mentioned pathologies. Our HBoV1--4 DNA findings (52.38%) are higher than on average in the world, which varies from 2% to 19% in the patients with respiratory tract diseases \[[@B10-brainsci-10-00339]\] and is relatively low in the patients with neurological disorders. For example, the study in Sri-Lanka demonstrated that 2.15% of CSF samples of the patients with encephalitis, including two adults and three children, were HBoVs DNA positive \[[@B13-brainsci-10-00339]\]. In the research done in Bangladesh, HBoVs DNA was found in 5.8% of children with encephalitis \[[@B12-brainsci-10-00339]\]. It was reported that among the patients with respiratory tract diseases, 0.35% had encephalopathy as a complication of HBoV infection \[[@B14-brainsci-10-00339]\]. The presence of HBoV genomic sequences in blood, plasma, or serum samples of apparently healthy adults had been reported before, supporting the hypothesis that HBoVs infection can be asymptomatic. For example, in the research carried out in China, 9.06% of healthy plasma donors were HBoV DNA positive. In the study carried out by an Italian research group, HBoV DNA was found in 5.51% of serum samples of apparently healthy blood donors, but in the study done in Saudi Arabia, 7.0% of blood donors showed HBoV viremia \[[@B41-brainsci-10-00339],[@B42-brainsci-10-00339],[@B43-brainsci-10-00339]\].

The B19V genomic sequence is detected in 16.67% of the patients and 6.0% of the controls. In the latest literature data, the presence of the B19V DNA among patients with different diseases varies---1.13% in the patients presenting with fever with or without rash, arthropathy, and chronic renal disease, and 5.1% in the patients with respiratory diseases \[[@B44-brainsci-10-00339],[@B45-brainsci-10-00339]\]. In the research done in Iran, B19V DNA was found in 1.2% of blood donors \[[@B46-brainsci-10-00339]\].

Although the hPARV4 genomic sequences have been found in healthy individuals \[[@B47-brainsci-10-00339],[@B48-brainsci-10-00339]\], as well as in two children with an acute encephalitis syndrome of an unknown etiology \[[@B49-brainsci-10-00339]\], we do not detect hPARV4 DNA either in the patients or in the control group, showing that this virus is not present among healthy individuals and the patients with inflammatory neurological diseases in Latvia.

Among all patients, parvovirus mono-infection was detected in 11 (26.19%) cases from which eight cases were HBoV1--4 mono-infection and three cases---B19V. Furthermore, in five of 11 mono-infection cases, active parvovirus infection was determined in four cases for HBoV1--4 and in one case for B19V, from which in two cases, HBoV1--4 and in one case, B19V was detected in CSF, suggesting that HBoV1--4 and B19V could be involved in the disease etiology. In addition, in the literature, HBoV1--4 and B19V mono-infection in a case of neurological disorders has been considered as a causative agent \[[@B11-brainsci-10-00339],[@B12-brainsci-10-00339],[@B13-brainsci-10-00339],[@B14-brainsci-10-00339],[@B19-brainsci-10-00339],[@B30-brainsci-10-00339],[@B50-brainsci-10-00339]\].

Overall, the information in the literature is scarce about clinical features of the patients with neurological diseases in the case of parvovirus infection. In this particular study, the clinical signs such as the presence of a headache and its severity, fatigue, disorientation, and difficulties to concentrate are significantly frequently present in the patients with active parvovirus infection in comparison with those with active infection associated with other infectious agents (*p* = 0.0142, *p* = 0.0142, *p* = 0.0299, *p* = 0.0043, and *p* = 0.0316, respectively). Whereas myalgia (*p* = 0.0553) has a tendency to be more frequent in the patients with active parvovirus infection, indicating that parvoviruses have an impact on the course of the disease. In some studies, the presence of a headache or disorientation is mentioned as clinical manifestations for the patients with B19V or HBoV1--4 infection \[[@B13-brainsci-10-00339],[@B51-brainsci-10-00339],[@B52-brainsci-10-00339]\]. It is known that B19V causes acute anemia in immunocompromised individuals and pure red blood cell aplasia, which are conditions characterized by an abnormal formation of red blood cells \[[@B5-brainsci-10-00339],[@B53-brainsci-10-00339]\]. Furthermore, it is dated that B19V infection is associated with a significant decrease in Hgb level among adults and children \[[@B54-brainsci-10-00339],[@B55-brainsci-10-00339],[@B56-brainsci-10-00339]\]. However, in this study, there are no differences observed in the Hgb level and other parameters of blood and the CSF tests such as WBC and RBC count, pleocytosis, glucose level etc., between the patients with active parvovirus infection and the patients with active infection caused by other infectious agents, showing that parvovirus infection does not cause specific changes in blood and CSF composition among the patients with meningitis or meningoencephalitis.

This study shows that HBoV1--4, B19V, and hPARV4 infection markers are present among the apparently healthy adults in Latvia. Based on the results of our study, HBoV1--4 and B19V may have a triggering role in the meningitis/meningoencephalitis development and also may affect the clinical course of the disease, therefore, it would be useful to include these viral infections in laboratory diagnostics to reduce the number of meningitis/meningoencephalitis of unknown/unexplained etiology.

The following are available online at <https://www.mdpi.com/2076-3425/10/6/339/s1>, Table S1: the CSF analysis results of the study population, Table S2: The blood test results of the study population, Table S3: The clinical features of the study population by cause of active infection.

###### 

Click here for additional data file.
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brainsci-10-00339-t001_Table 1

###### 

The presence of parvovirus-specific IgG class antibodies in the patients and control group.

  -----------------------------------------------------------------------------
                                     Patients\     Control Group\   *p* Value
                                     (*n* = 42)    (*n* = 50)       
  ---------------------------------- ------------- ---------------- -----------
  **Total B19V IgG**                 35 (83.33%)   37 (74.0%)       0.3194

  **Total HBoV1--4 IgG**             26 (61.9%)    29 (58.0%)       \>0.9999

  **Total hPARV4 IgG**               1 (2.38%)     5 (10.0%)        0.2141

  **Without IgGs**                   5 (11.9%)     4 (8.0%)         0.7270

  **B19V IgG only**                  11 (26.19%)   15 (30.0%)       0.8170

  **HBoV 1--4 IgG only**             2 (4.76%)     8 (16.0%)        0.1035

  **hPARV4 IgG only**                0 (0%)        1 (2.0%)         \>0.9999

  **B19V + HBoV1--4 IgG**            23 (54.76%)   18 (36.0%)       0.0929

  **B19V + hPARV4 IgG**              0 (0%)        1 (2.0%)         \>0.9999

  **B19V + HBoV1--4 + hPARV4 IgG**   1 (2.38%)     3 (6.0%)         0.6225
  -----------------------------------------------------------------------------

*n*---number of cases; B19V---human parvovirus B19; HBoV1--4---human bocaviruses 1 to 4; hPARV4---human parvovirus 4; IgG---immunoglobulin G.

brainsci-10-00339-t002_Table 2

###### 

The presence of human bocaviruses 1-4 (HBoV1--4) and parvovirus B19 (B19V) genomic sequences among patients and control group.

  DNA Biological Material    Patients (*n* = 42)         Control Group (*n* = 50)
  -------------------------- --------------------------- --------------------------
  Blood ^b^                  9                           12
  Plasma ^a^                 3                           2
  CSF ^a^                    2                           N/A
  Blood + plasma ^a^         3                           0
  Blood + CSF ^a^            3                           N/A
  Blood + plasma + CSF ^a^   2                           N/A
  **Total**                  **22**                      **14**
                             **B19V Positivity (*n*)**   
  Blood ^b^                  4                           2
  Plasma ^a^                 1                           1
  CSF ^a^                    1                           N/A
  Blood + CSF ^a^            1                           N/A
  **Total**                  **7**                       **3**

*n*---number of cases; DNA---deoxyribonucleic acid; HBoV1--4---human bocavirus 1 to 4; B19V---human parvovirus B19; CSF---cerebrospinal fluid; N/A---not applicable; ^a^---active viral infection; ^b^---persistent viral infection.

brainsci-10-00339-t003_Table 3

###### 

The presence of HBoV1--4 and B19V genomic sequences together with markers of other infectious agents among patients.

  ---------------------------------------------------------------------------------------------------------
                                              Infectious Agents\                                   
                                              *n*                                                  
  ------------------------------------------- -------------------- ------- ------- ------- ------- --------
  Parvoviruses positive patients (*n* = 28)   7                    2       *2*     3       3       11

  Parvoviruses negative patients (*n* = 14)   4                    0       1       0       0       9

  **Total**                                   **11**               **2**   **3**   **3**   **3**   **20**
  ---------------------------------------------------------------------------------------------------------

*n*---number of cases; VZV---varicella zoster virus; EBV---Epstein-Barr virus; *B.Burgdorferi*---*Borrelia burgdorferi*; TBEV---tick-borne encephalitis virus.
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###### 

Clinical features of the study population by cause of active infection.

                                Patients with Active Parvovirus Infection (*n* = 15)   Patients with Other Active Viral Infection (*n* = 12)   *p* Value
  ----------------------------- ------------------------------------------------------ ------------------------------------------------------- -----------
  Temperature, °C               38.0 (37.4--38.3)                                      38.0 (37.5--38.1)                                       0.2848
  Headache                      15 (100%)                                              8 (66.7%)                                               0.0142 \*
  Headache severity score       9.00 (7.50--9.50)                                      7.50 (6.25--9.00)                                       0.0142 \*
  Fatigue                       14 (93.3%)                                             7 (58.3%)                                               0.0299 \*
  Disorientation                9 (60.0%)                                              1 (8.3%)                                                0.0043 \*
  Difficulties to concentrate   10 (66.7%)                                             32 (25.0%)                                              0.0316 \*
  Nuchal rigidity               11 (73.3%)                                             6 (54.5%)                                               0.3395
  Kernig's sign                 5 (33.3%)                                              1 (9.1%)                                                0.1593
  Photophobia                   5 (33.3%)                                              2 (16.7%)                                               0.3451
  Phonophobia                   5 (33.3%)                                              2 (16.7%)                                               0.3451
  Myalgia                       4 (26.7%)                                              0 (0.0%)                                                0.0553

Data are the median (interquartile range) for continuous data and *n* (%) evaluable for categorical data. *n*---number of cases; \*---statistically significant.
